The objective of this work was to examine the interrelations of posturographic and surface EMG (SEMG) characteristics of ankle muscles in patients with haemophilia while standing naturally. In PwH, the degree of joint alteration of the right lower limb was associated with load proportion of the left side (ρ > 0.64, P = 0.001).
| INTRODUC TI ON
People with haemophilia (PwH) are susceptible to clinical and subclinical musculoskeletal bleeding which in turn leads to joint damage with reduced joint mobility and early alteration in joint mechanics and motor function. [1] [2] [3] [4] The above-mentioned complex adverse effects also have an impact on posture and movement strategies. Both disturbed posture and altered muscle patterns may in turn have the potency to stress the joints and increase the risk of bleeding further. Thus, analysis of posture (eg, with force plates), investigation of activation patterns of selected muscles with surface electromyography (SEMG) or motion analysis via ultrasound topometry-an acoustic measurement technique for non-contact three-dimensional spatial measurement-may provide some options for early detection of functional impairments (whether or not caused by structural changes) as well as for evaluation of appropriate therapeutic strategies. [5] [6] [7] Postural assessment via posturography characterizes the efficiency of postural control through different variables of the projection of the centre of mass. 8 Different simple clinical balance and related physical performance tests are utilized to gain insights about the ability/inability to perform and control predefined postures or movements or to counteract perturbations. 9 Some research on this topic has been done in children as well as in adult PwH in recent years. [4] [5] [6] [7] [10] [11] [12] For example, Gallach et al studied the centre of pressure displacement during bilateral and unilateral stances using a Kistler force platform for each 25 adult PwH with and without knee and/or ankle joint arthropathies compared to 25 controls without a bleeding disorder. 6 Interestingly, they revealed a significantly decreased postural stability for unilateral and bilateral stance in both haemophilic groups regardless of a present joint pathology when compared to controls. 6 Also, Fearn and colleagues showed a moderate impairment of both static and for the first time also dynamic postural stability in PwH in a comprehensive controlled investigation. 10 Based on their results, Fearn et al highlighted the importance of a balance assessment routine in the examination of PwH for early identification of balance dysfunction and for planning appropriate balance exercise regimes.
Beside the few existing early SEMG studies-in the context of a diagnostic settings, 13, 14 or exercise intervention 15 -newer investigations focused additionally on disease-specific muscle activation characteristics of ankle, 7, 16, 17 thigh, 11, 16, 17 , hip, 16, 17 and trunk 12, 16 muscles in PwH, or verified effects of Surface Electrical Stimulation Treatment 18, 19 and established the benefits of a swimming programme. 20 In summary, the results of the previous SEMG studies showed altered muscle activation patterns in PwH compared to controls without a bleeding disorder.
Cruz-Montecinos and colleagues 21 suggested an integral approach with surface electromyography in the lower limbs and trunk which could help to elucidate the adapted strategies used by PwH during postural control. Until now, no study has combined the assessment of posture and muscle activation during side-by-side standing in PwH. From our previous study on trunk muscle activation in PwH during postural tasks, we know that in bipedal postural tasks, no differences are to be expected. 12 We hypothesized that alterations of postural control in PwH are associated with detectable ankle muscle alterations. In addition, we assumed that the degree of joint impairment (WFH joint score) is related to the amount of postural misalignment in these patients.
| MATERIAL S AND ME THODS

| Participants and task
Twenty-four patients with haemophilia (PwH, 22 A, 2 B, 21 severe, 3 moderate) and 24 non-haemophilic control (Con) subjects were Table 1 . Neither group examined differed in terms of age and anthropometric characteristics (P > 0.2). Table 2 shows the distribution of HIV infection as well as hepatitis B, C and double infection, respectively.
Patients with haemophilia with any acute pain, pes equinus deformation and artificial joints were excluded from the present investigation. Patients' and controls' ankle and knee joint restrictions (Table 3) were judged using the WFH joint score. 22 The range of motion values of ankle and knee joints is presented also in Table 3 .
| Posturographic characteristics
The IBS is composed of two separate and mobile force plates, one for 
| SEMG instrumentation, preprocessing and analysis
Surface EMG of five ankle muscles (tibialis anterior, TA; fibularis longus, FL; lateral and medial heads of gastrocnemius, LG, MG; soleus, SO) was bilaterally recorded. The participant's skin was gently prepared before electrode positions were marked according to the SENIAM recommendations. 25 Disposable SEMG electrodes with a circular uptake area (diameter: 1.6 cm) and an inter-electrode distance of 2.5 cm (H93SG, Covidien) were applied. The amplifiers
TA B L E 3 WFH joint score (Gilbert score) and joint range of motion values of patients with haemophilia (PwH) and non-haemophilic control (Con) subjects. Values presented as median (quartiles, minimum-maximum) or mean (SD, minimum-maximum), respectively (Biovision) were located close to the electrodes, and the signals were amplified with a gain of 2.500. Analogue to digital conversion was carried out at a rate of 2,000/s using a 12-bit card (DAQCard-
AI-16E-4). After offset correction and filtering (50 Hz notch,
20-400 Hz bandpass) of raw signals, muscle activity was calculated as root mean square segments of 0.5 second which were averaged.
| SEMG outcome variables
Mean activity of the muscle was considered to normalize absolute SEMG amplitudes to the sum of all five ankle muscles investigated, confidence ellipse of the controls, whereas 14 patients were inside.
WFH joint score data of the patient subgroups are presented in Table 4 .
After clustering of PwH into two subgroups based on the 95% CE of the control group, ANOVAs revealed large effects of subgroup on heel- Table 5 ).
| SEMG characteristics
Analyses of amplitude ratios revealed moderate effects of GROUP 
| Interrelations
The amount of a patient's overall joint range of motion of both lower extremities revealed a weak inverse association with the WD (r = −0.34, 
| D ISCUSS I ON
Side-by-side standing was assessed synchronously through posturography and SEMG. These results suggest that standing balance Chi-square test: χ 2 (1) = 4.0, P = 0.1 (exact, two-sided). Table 4 suggest that a deteriorated postural control in PwH is more related to the degree of knee than ankle destruction.
Thus, in patients with higher WD indices, more knee destruction and a "knee strategy" are to be expected. As shown by subgroup observations, higher WD indices in PwH are most probably explained by individual patients with higher forefoot load. However, those results were unrelated to the treatment regime utilized by the patient.
Moreover, patients' preference to load the left extremity, which is not determinable using a single force plate, was associated with a worse joint situation of the opposite side. Greater lower limb restrictions and joint destruction would lead to a protective shift of the load to the opposite side. 3 The results of the present study clearly confirmed this strategy in PwH. Through disease consequences especially on the weight-bearing joints, PwH have to deal with greater gravitational torque at the ankles with a comparable base of support.
This may explain at least in part the more deteriorated weight distribution in PwH.
The altered joint situation in PwH is further compensated through a rearrangement of TA and SO activity distribution, which confirms previous results. 7 This global activation shift away from a typically tonic activation pattern of SO might be explained by more phasic demands which are driven by an altered joint situation and known sensorimotor control deficits which can be improved in PwH. 3, 31 Further, PwH with considerably corrupted WD indices compensate for their altered joint situation with substantially higher amplitude ratios of LG compared with patients with lower WD values. A study on patients with medial knee osteoarthritis while walking at merely similar self-selected velocities demonstrated that, during preparation and weight acceptance phases, LG activity was enhanced as compared to controls. 32 An increased co-activation resulting from increased stability demands was evident in patients with osteoarthritis 33 but is not verifiable in patients with haemophilia. Since coactivation is known to increase muscle as well as joint loads through higher compressive forces, PwH would probably not benefit from such a compensation strategy. Besides joint destructions and proprioceptive loss, pain-fear to move might also explain an altered postural behaviour in PwH. 34 Since the presence of pain has incredible influences on the sensory-motor system (cf. Ref. In conclusion, side-by-side standing in PwH with more deteriorated weight-bearing joints was characterized by a higher amount of forefoot load and a shift towards the less-affected side, which led to greater dysbalance while standing. To compensate for the altered biomechanical conditions, PwH rearrange the leg muscle activity distribution.
